3 Observatory Description and Constraints
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This sdion addresses the SIRTF Observatory design and the observational constraints that arise from
that design. The SIRTF Observatory consists of five basic dements. the ayogenic telescope
asembly (CTA), the spacecraft (S/C), and the three science instruments. In this dion the S/C and
CTA design (nat including the telescope design, which is addressed in chapter 4), are discussed.

The design and performance of the pointing and control system (PCS) are dso dscussed.

3.1 Observatory Design and Operations Concept

SIRTF is unique in many ways; the ayostat and misson cesign allows avery long cryogenic lifetime
with a relatively small amourt of cryogen® (335 liters of superfluid helium). The helium bath
temperature is maintained at 1.4 K, the telescope temperature can be <5.5 K, and the outer shell
temperature is approximately 40 K. Some of SIRTF's unique features are its earth-traili ng solar orbit
and the fact that the telescope is launched at ambient temperature. This "warm launch" architedure
allows SIRTF to achieve its goal lifetime with a smaller, lighter cryostat than would atherwise be
required.

Telescope

Solar Panel Shield
Outer Shell

Solar Panel

Spacecraft Shield

Spacecraft Bus
Star Trackers and
Inertial Reference Units

High Gain Antenna Low Gain Antennae

Figure 3-1: Basic External View of SIRTF

A basic external view of SIRTF is shown in Figure 3-1. The Spacecraft assembly is dightly lessthan
4 meters tall and abou 2 meters in dameter and hes a mass of approximately 900 kg. It provides
structural suppat, panting control and telecommunications and command/data handling for the entire
Observatory. The Spaceaaft, including the Spaceaaft Bus, the Solar Panel and Pointing Control

® For comparison, IRAS had a 10-month lifetime using 560liters of liquid helium and 1SO had a 28-month lifetime using
2140liters of cryogen.
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System (including the Pointing Control Reference Sensors or PCRSs, which are located in the focd
plane) are provided by Lockheed Martin Missles and Space Company.

The CTA, shown in Figure 3-2, consists of the telescope, the superfluid helium cryostat, the outer
shell groupand the Multi-Instrument Chamber (MIC), which hasts the @ld pations of the IRAC, IRS
and MIPS science instruments and the PCRS. The telescope asmbly, including the primary and
sewndary mirrors, metering tower, mounting bulkheal (al made of beryllium) and the focus
medhanism, is mourted and thermally conneded to the cryostat vaauum shell. The barrel baffle of
the telescope asembly is eparately attached to the vaauum shell at its flange. The MIC, an
aluminum enclosure mntaining the instrument cold assemblies, is mourted ontop d the helium tank.
The vapor coded shields, the vacuum shell and the outer shields are mnneded to the ayostat by a
series of low connedivity struts. The CTA is provided by Bal Aerospace and Techndogies
Corporation.
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Figure 3-2: Cryogenic Telescope Assembly

The Observatory coordinate system XY Z (shown in Figure 3-3) is an orthogonal right-hand baly-
fixed frame of reference. The X axis passs through the geometric center of the top surfaceof the
S/C, is pardlel to the CTA opticd axis (which passs through the primary and secondary mirror
vertices), and is pasitive looking out of the telescope. The Z-axis interseds the line forming the gex
of the two surfaces of the solar panel. The Y-axis completes the right hand athogonal frame. The X-
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axis origin is defined such that the on-axis point between the CTA support truss and the S/C bus
mourting surface is locaed at X = +200 cm, in arder to maintain pasitive X vaues throughou the
Observatory. The XZ plane, which hisects the solar panel, is always oriented towards the sun within 2
degrees (i.e., theroll angleis constrained to +2°).

2

S/C-to-CTA interface plane at station X =200 cm
Figure 3-3: Observatory Coordinate System

SIRTF will be operated autonaomously for moderately long periods of time (12 to 24 hous)
interspersed by short periods (30-60 minutes) of groundcontact. In extreme drcumstances, SIRTF is
designed to survive for up to aweek with no goundcontact at all.

During routine science operations, SIRTF will typicaly exeaute apre-planned weeklong schedule of
science observations, calibrations and routine engineeing activities, which has been udoaded in
advance and stored on bard. This "master sequence' might typicdly have al2-24 haiwr Period o
Autonamous Operation (PAO) containing observations and cdibration activities followed by a 30-45
minute period spent re-orienting the Spaaecraft for downlink and transmitting the data to the ground.
After the downlink, SIRTF would return to the pre-planned sequence of observations and cdi brations.
Because dficient communication with the groundrequires use of the high-gain antenna mourted on
the bottom of the spacecraft (Fig 3-1), exeauting adownlink of the oll ected data requires dewing the
spacecraft to orient the high gain antenna toward one of the Degp Space Network (DSN) stations on
Earth. Any of the three DSN sites (Canberra, Madrid and Goldstone) can be used. During the time
(~60 minutes per day) that data are being transmitted to the ground, noscience data can be mlleded.

If adownlink oppatunity is missed (e.g., dwe to afalure & the groundstation) SIRTF will preserve
the olleded science data, will continue llecting new science data & scheduled and will attempt to
downlink at the next scheduled oppatunity. No data ae lost or overwritten urlessthe entire mass
memory (16 Gbits) has become full of un-transmitted data.
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3.1.1 The Warm Launch and Telescope Temperature Management

One of the unique apeds of SIRTF is the warm launch concept. The telescope is a ambient
temperature & the time of launch and gradually reacdhes its lowest operating temperature (<5.5K) 30
days after launch, cooled by a combination d passve @adling and vapor vented from the cryostat. The
scienceinstruments are in contact with the 1.4K helium bath at all times and are thus cold at the time
of launch.

Because the telescope is coded by vapor vented from the ayostat, once asteady state has been
readed, the telescope temperature depends upon low much power is disspated in the ayostat.
Because the ayogenic design and performance depend uponnea-zero parasitic hea loads, the power
disgpated is esentialy that of the instrument in use. Based uponcurrent knowledge of the science
instruments' power disspation, the telescope temperature would naturally vary from <5.5K to ~12K.
A "make-up" heater is available to add additional heat when needed to lower the telescope
temperature. Since very low badground is required for 160-um observations, the telescope will
always be maintained at <5.5K during planned MIPScampaigns.

3.1.1.1 IMPACT ON OBSERVERS

In general the variation d telescope temperature has no effed on olservation danning. For Target of
Oppatunity (ToO) observations that require optima 160um data from MIPS an additional
scheduling delay may be incurred by the need to kring the telescope temperature down prior to
observation. It is possble for the observer to specify if highest-quality 160-um data ae required
when olserving with MIPS this will be used to ensure the observation is sheduled when the
telescopeisat <5.%K.

3.1.2 Data Storage

SIRTF 's Spacecraft includes the ommand and data handling subsystem (C&DH) which shares the
flight computer (a RAD 6000) with the painting control subsystem (PCS). The C&DH validates and
exeautes either previously stored o red time cmmmands, receves and compresses data, and writes the
compressed data into the massmemory. The C&DH also provides a stable dock to correlate data and
events.

During normal SIRTF science operations, the Observatory will colled, compressand store 12 hous
worth o science data prior to dowvnlinking it. SIRTF has 8 Gbits of solid state memory avail able for
eat o two redundant flight computers, for a total of 16 Ghits of storage. During each 12-hour
period d autonamous operations, upto 4 Gbhits of the memory are fill ed. Enough additional storage
cgpacity is left unused duing that 12-hour PAO to permit missng a downlink oppatunity (e.g., due
to aproblem at the groundstation) and continuing to olbserve withou overwriting previously coll eded
science data. Since the full mass memory (16 Ghits) is available to bah redundant computers,
multiple passes would have to be missed before the risk of losing science data that had na been
transmitted to the groundbecmes sgnificant.
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3.1.3 Data Transmission

SIRTF has two antenna systems for data uplink and dowvnlink. The high gain antenna (HGA)
suppats a maximum downlink rate of 2.2 Mbit/s for the first 3 years of the SIRTF misson wsing a
34m DSN antenna.  Since SIRTF drifts away from the Earth at abou 0.1AU per year, the data
transmisson rate onthe HGA deaeases as afunction d time which will eventually necesstate longer
downlink passes or the use of a 70m DSN antenna to retrieve the same anourt of data. The two low
gain antennae (LGA) give wide angle cverage but only support downlink at 44 kht/s at the
beginning of routine observing and the rate decreases to 40 bys after 3 yeas. The LGA are used
during In-Orbit Chedkout and in safe mode but are not normally used to transmit science data during
routine science operations.

Because of the locaion d the high gain antenna it is necessary to stop olserving and pant the
telescope in the anti-Earth drection to downlink the science data. Depending uponthe detail s of the
observations that are scheduled, SIRTF will produce ~1 to 4 Ghits of (compressed) science data
during 12 hous of observing. Initialy SIRTF will colled datafor abou 12 hous and then spend up
to abou 30 minutes downlinking the data. The scheduling system will predict the cmpressed data
volume that will be generated duing each dawnlink and will schedule the downlink contad time
acordingly. The downlink periods are dso used for some spacecraft maintenance adivities (such as
dumping momentum) and for uplinking commands. Later in the misgon, if low volumes of data ae
being generated, longer periods of time between downlinks may be used.

At ead downlink oppatunity, SIRTF attempts to transmit all the data in the massmemory. Any data
that the ground has nat confirmed receiving will be retransmitted at the next downlink pass It is
anticipated that some data could be missed at any pass and it may take several passs before the
groundreceives all the sciencedatafor a given observation.

Whenever the HGA is used for downlink, it is aso possble to udink commands and files to SIRTF.
Normally, oy one communicaion period per week will be used to send upall the sequences and
information reeded to suppat the next upcoming week of observation. No communicaions with
SIRTF are planned ouside the scheduled dawvnlink sessons.

3.1.3.1 IMPACT ON OBSERVERS

The downlink strategy has littl e impad on olservation danning with SIRTF. It is one cmporent in
determining the maximum length of an AOR, bu the necesdty for instrument maintenance operations
and panting system cdibrations on shorter than 12 hou time scales constrains the maximum AOR
length more tightly than the downlink schedule'®. A 12 to 24 hou interval between downlinks does
imply that it can be aday or longer before science data are available on the ground after an
observationis complete.

The uplink strategy also dces nat directly affed observation danning, bu it drives the time scale on
which changes to the stored science schedule and its contents can be made (e.g., for a Target of
Oppartunity).

10 Currently the maximum length of an AOR is 6 hours for IRAC and IRS, and 3 hours for MIPS.
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3.2 Sky Visibility

3.2.1 Solar Orbit

An important innovation enabling SIRTF to accomplish ambitious sientific goals at a modest cost is
its Earth-traili ng heliocentric orbit (shown in Figure 3-4), in which the Observatory drifts away from
Earth at the rate of ~ 0.1 AU/yea. This will substantially help prolong the cdant lifetime, by
suppating an gperating regime in which most of the ayogen is disspated in coding the detedors
rather than lost to parasitic hea loads. In addition, this orbit reduces the visihility constraints
compared to what would have been the case in a near-Earth orbit, allowing all parts of the sky to be
visible for at least two extended periods eat year and some zonesto be visible continuously.

Figure 3-4: Thisfigure shows SIRTF's Dlar orbit projected onto the
ediptic plane and viewed from ediptic North. In the rotating frame,
the Earth isat the origin and the Earth-Sun line is defined as the X-
axis. "Loops' and "kinks' in the trajectory occur at approximately
1-year intervals.
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3.2.2 Pointing Constraints

SIRTF's view of the sky will be limited by two hard pdnting constraints, ill ustrated in Figure 3-5:

* The agle between the boresight and the diredion d the sun may never be lessthan 80 degrees.
* The agle between the boresight and the diredion d the sun may never exceal 120 cgrees.

The aea defined by these hard constraints is cdled the Operational Pointing Zone or OPZ. In
addition, some bright objeds (such as the Earth) will normaly be avoided because they would
degrade the quality of the observation die to drect exposure or stray light, bu this is not a strict
constraint (see Section 3.2.6and Appendix 9.2). Note that the definition o the OPZ predudes
observing Mercury or Venus with SIRTF.

Figure 3-5: The main geometric observing constraints form an area
called the Operational Pointing Zone (OPZ).
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3.2.3 Viewing Periods

The anourt of time during the year any particular target is visible depends primarily on the dsolute
value of its ediptic latitude (Figure 3-6). SIRTF's instantaneous window of visibility on the cdestia
sky will form an annuus, perpendicular to the ediptic plane, of 40-degree width and symmetrical
with resped to the Sun. This annuus rotates with the Sun to sweep ou the full sky over the period d
a year. Any objed will be visible to SIRTF at least twice ayear, and it is esentialy continuowsly
avail able during that visibility period (moduo periods when undesired bright moving objeds are dso
present and kright object avoidance has been selected, see sedion 3.2.6. Occultation a eclipses do
not interrupt the visibility. Nea the ediptic plane, the length of the visibility periodis ~40 days twice
ayear. The visibility periods increase to abou 60 days twiceyr at an ediptic latitude of 45 degress,
~100 chystwiceyr at latitudes ~ 60 degrees, and reach constant viewing at the ediptic poles. Abou a
third of the sky will be visible to SIRTF at any time. Figure 3-7 ill ustrates how the total number of
days of vigibility varies over the sky in several coordinate systems.

Days Visible per Year

-90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

ecliptic latititude
(targets at 180 deg ecliptic longitude)

Figure 3-6: Variation of length of visibility period as a function of
ediptic latitude for fixed (180degrees) ecliptic longitude.
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Figure 3-7: Total days of visibility per year in equatorial, ediptic and galactic
projedions.
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3.2.4 How Visibility Evolves with Time

Figure 3-8 ill ustrates the zone of visibility in equatorial coordinates for two spedfic dates during the
first year of operations. Contours for two dfferent dates, in dfferent colors, are shown onthe same
plot to ill ustrate how the sky passes into and ou of visibility as the cdendar date advances. Ead set
of contours $ows the available and forbidden zones for one day (in this plot, 2 April 2002and 12
May 20(2). On each date, the anti-sun forbidden zone gpeas as a “bublde” in the midde region o
the plot. Outside eab “bublde” is the zone of visibility, which is boundd, by a second more
extended-looking solar forbidden zone. Note that even targets at high dedinations may fal in the
forbidden zones part of the time, although oljects at extreme dedinations are generaly visible for
most of the year.

Although these plots are accurate based onthe spacecraft constraints and projected orbit at the time of
this writing, observers shoud aways use the SIRTF planning tods to determine visibility of a target
onaparticular day (seeChapter 5).

Figure 3-8: Example of Time Evolution of Visibility zones.
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3.2.5 Orientation of Focal Plane and Slits against the Sky.

SIRTF has very limited abili ty to rotate the focd plane of the telescope. At any given time, the center
of the sunshade is always kept within +2 degrees of the Sun. Thislimited freedom in the "roll" angle
will be used to maintain a @wnsistent orientation for long observations (AORSs) andis not seledable by
the observer. For each target, the orientation d the focd plane on the sky isafunction d the position
of the spaceaaft aong its olar orbit (i.e., the date of observation) and d the ecliptic latitude of the
target. Targetsin the ediptic plane have only two fixed focal plane orientation angles. Elsewhere in
the sky, the focd plane has two ranges of orientation angle.

Science Instrument aperture orientation within the focd plane is physicdly fixed. Becaise the
spedrometer dlits have quite different orientations within the focal plane (seeFigure 2-1), this can be
particularly limiti ng for IRS observations, bu it also aff ects mapping with MIPSand IRAC.

3.2.5.1 IMPACT ON OBSERVERS

SIRTF observations must be designed with this lad of roll control in mind. Observers who require a
cetain dit or array orientation angle relative to the target must chedk to determine when, if ever, the
needed arientation is achieved and must request a suitable range of observation date(s). It is possble
that a particular target might not be observable & the same time of year that a dlit has the desired
orientation. The focal plane/dlit orientation onany date can be cdculated and projeded onthe sky
using the SIRTF planning tods (see Chapter 5).

Because mnstraining the orientation tightly also constrains the scheduling time tightly it increases the
risk that an observation may be subjed to schedule corflicts. In addition, the presence of many
highly constrained olservations will tend to reduce the Observatory's efficiency. Therefore it may be
beneficia to design olservations that are reasonably robust over a range of focd plane orientations.
The use of the timing constraint to oltain a specific orientation a range of orientations must be
scientificdly justified when the observationis proposed.

3.2.6 Bright Object Avoidance

No oljed outside the solar constraint zone poses a threat to instrument safety. However, an olserver
may wish to avoid observing the Earth and aher bright moving objeds to avoid compromising
observations of faint targets. Therefore, the visibili ty windows calculated by the SIRTF planning todls
avoid certain bright moving targets by default, bu the observer can choase to owerride the default. 1t
shoud be noted that it is the observer's resporsibility to chedk for any bright inertial targets in the
field of view that might compromise the observation.

The visibility windows cdculated for both inertial and moving targets will, by default, exclude
regions of time when the positions of (a) the Earth and Moon, and (b) a fixed list of bright moving
objeds (e.g., Jupiter, Saturn, kright asteroids) coincide with the target position. The visibility
windows will be trimmed to delete any time periods when the SIRTF target is within 1 degree of the
eath or moon and when the target is within 30 arcminutes of the other bright objeds. The cmmplete
list of the bright objedsisin Appendix 9.2.

The observer may choose to override the default (a) Earth/Moon a (b) other bright object avoidance.
For example, to olserve Jovian satellit es, one would turn off (b) and leave (a) in effed.
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3.3 Operational Constraints

Because SIRTF is formally committed to achieving certain operational goals (efficiency and misson
lifetime), certain operational constraints must be adopted, which are described below.

3.3.1 Instrument Campaigns

SIRTF can only operate one Science Instrument at atime, and SIRTF observing will be divided into
dedicaed Instrument Campaigns typicaly lasting from 3-10 days. Once the campaign pan for a
particular observing cycle has been established, it will be pulished onthe SIRTF Science Center
WWW pages.

3.3.1.1 LENGTH OF CAMPAIGNS

There is a significant overhead asociated with changeover from one instrument to ancther due to the
need to perform routine @i brations and engineering activities at the time of switch-off and switch-on.
There ae dso performance limitations in some observing modes immediately following an
instrument changeover. For example, the IRAC eledronics require awarm-up d ~1/2 hou after
switch-on for the majority of integration times and the longest IRAC integrations will not be feasible
for the first severa hours after switch-on. The MIPS scan mirror also has temperature dependent
behavior as the warm eledronics gdabilize. In addition, there is a modest reduction in panting
acaracy following a diange between the IRS/MIPS (which share common warm eledronics) and
IRAC due to thermal distortion when the heat load is shifted onthe spaceaaft.

In order to achieve the required misson olserving efficiency and ensure good performance,
changeovers will be made & infrequently as possble withou saaificing science neals. It is
estimated that the best balance between efficiency and schedule flexibility will be adieved by using
ead instrument for several (~3-10) daysat atime. Thiswill generally permit long mapping projects
as well as highly time-constrained olservations. The 3 to 10day length is the expeded typicd case,
not a rule. An Instrument Campaign may be interrupted in order to perform urgent Target of
Opportunity observations.

3.3.1.2 SEQUENCE OF INSTRUMENTS

The instrument campaigns will usually be scheduled in a fixed order. At this writing, it is believed
the default ordering will be IRAC -> MIPS-> IRS -> IRAC in arder to minimize alverse dfeds to
pointing performance due to thermal distortions which occur when switching from IRAC to the
Combined Eledronics Instruments (MIPS& IRS). Thus MIPSprecedes IRS, as IRS is more sensitive
to stability and precision d pointing maneuvers. However, there ae other effects which aso drive
the ordering and the precise sequence of instrument campaignsis subjed to change.

3.3.1.3 IMPACT ON OBSERVERS

Instrument campaign length and the order in which instruments are scheduled are both flexible
guidelines rather than urbreakable rules. However, they will be caefully orchestrated to ensure
maximum overall science return from SIRTF. Therefore, observations, which necesstate unusualy
short campaigns, and olservations that necesstate interruptions to instrument campaigns impad the
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Observatory efficiency and require strong justificaion. They may also incur substantial additi onal
overheals. (SeeSIRTF Observing Policy #1 for detail s).

Targets of Opportunity, by their nature, can occur in the midde of the "wrong' instrument cycle; this
is taken into acourt in the overhead assessed for ToOs that require rapid (~48 hou) resporse. The
observer may want to take this into account when deciding how rapid a resporse to the proposed
phenomenonis required to support the science goal of the observation. (See SIRTF Observing Policy

#5).

The other category of observations which strongly perturb the system are those which require
sequential observations with all three instruments on a rapid time scale. If only two instruments are
required, then it may be possble to schedule the observations near a canpaign boundry. If al three
are required then it will be necessary to switch-on, calibrate, observe and switch-off in very short
order. Thisis very inefficient and may also adversely impad the quality of the data obtained. This
type of observation can be requested using the avail able scheduling constraints (see Sedion 5.5.3 but
requires avery strong scientific justification and will i ncur an overhead penalty.

3.4 Pointing Capabilities

3.4.1 Pointing Control System

The pointing control subsystem (PCS) includes the hardware and flight software necessary for
predsion Observatory pointing, stabili zation, slewing, tradking, and safemode functions. The PCS
performs the initial attitude aquisition d the Observatory following launch vehicle separation. It
provides periodic boresight cdibration for the telescope. The PCS provides the capability for bath
rapid large angle slews and small maneuvers to place ad reposition science targets within the science
instrument apertures; it maintains the solar array orientation toward the sun; and it points the high
gain antenna toward Earth for downlink. The PCS ensures that the hard panting constraints (see
Sedion 3.) are not violated and daces the Observatory into a safemode, in case of fail ure.

The PCS is a cdestid-inertia, three-axis gabilized control system. A high performance star
tradker/inertial reference unit (ST/IRU) padkage provides attitude determination and reaonstruction
cgpabiliti es. On-board panting commands and variables use the J2000 coordinate system. Reference
to the J2000 cdestia sphere is implemented within the star tradker (ST) through autonomous

identificaion d stars carried in an onboard caaog of 87,000 Tycho stars down to dh visual
magnitude™.

The ST provides gar position measurements to an absolute accuracy of 1.5 arcsec (1 o per axis per
star) to a 9" visual magnitude limit at 2 Hz. The noise euivalent angle is 0.75arcsec (1 0 per axis
per star). Thefield of view is5° x 5°, which ensures a minimum of 4 stars at the Galadic pales, and
typicdly 200 stars are used ssimultaneously, allowing a much greater accuracy. The IRU provides bias
instability better than 0.0037hr over 8 hous, angle randam walk better than 10udeg hr-1/2, and
resolution d 0.005arcsec

" The on-board catalog adually uses the ICRS coordinate system, so in fad the on-board pdnting systemisredly ICRS.
However, the differences between ICRS and J2000 are so small (€120 mas) that no conversions are made and SIRTF is
effectively considered to use the J2000coordinate system.
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All telescope painting is defined and cdibrated relative to redundant pointing control reference
sensors (PCRSs) locaed in the focd plane. During the murse of the misdon, the PCRS is
periodicdly (abou every 8 haurs) used to calibrate the telescope-to-star tradker boresight alignment
that may drift due to thermo-mechanical or other slowly varying effeds. The PCRS detedor is a 4x4
Si PIN phaodiode aray. Each pixel is250um square, with a plate scde of 10arcsecper pixel. The
PCRS cdibration measures the star pasition with an accuracy of 0.1larcsec (1 o per axis), and is
sensiti ve down to 10" visual magnitude & A 550m.

SIRTF also has Wide Angle Sun Sensors which measure the Sun paition with resped to the
Observatory. These sensors are used duing initial attitude aquisition after launch, as well as for Sun
avoidance, fault protedion, and safe mode. Each wide-angle Sun sensor provides afield of view of
2rtsr with an acairacy of £0.26°at null. They are placed at the top and the bottom of the Sun shield
to maximize the average, with their boresights aligned to the spaceaaft Z-axis.

Four readion wheds provide the primary control aduation for al modes of operation. They are
mounted in a pyramid oarientation abou the X-axis; ead canted at 30° towards the X-axis. Over time,
angular momentum accumulates in the readion wheels, due primarily to the small off set between the
center of massand the center of (radiation) presaure. Unlike an olservatory in low Earth arbit, which
can dump this momentum magnetically, SIRTF' s "Readion Control System (RCS)" uses nitrogen
thrusters to provide the readion whed momentum unloading cagpability; opportunities to dump
momentum are scheduled duing routine downlinks. The nitrogen suppy is Szed to acommodate a
misgonlifetimein excessof 5 years.

The PCS is cgpable of slewing the Observatory 180°in 1000s, 1°in 100s, and 1arcminute in 20s,
while maintaining the inertial pointing accuracy. These times include the acceleration and
decderation d the Observatory but do nd in all casesinclude the time it takes for the PCS to stabili ze
after the slew has completed. The pointing system has sveral operating modes, and the AOTs are
designed to use the pointing mode most appropriate for eadh olserving mode. The settling time
varies, bu can be & much as 20s. The AOTs make use of an onboard slew completion and
stabili zation indicaors to procead with the observation as on after a slew as is possble. Note that
the time required for small slews, dithers, off sets, settling, etc. within an AOR is considered part of
the observation.

The performance numbers presented in this and the following sections are based on pesent
understanding and simulation d the PCS performance They will be updated in subsequent releases
as our understanding of the system matures, and will be revised again after launch based onthe adua
on-orbit performance of the system. The best avail able pointing system models will be incorporated
into the SIRTF planning todls.

3.4.2 Pointing Accuracy and Stability

The blind panting accuracy is currently projeded to be the same @ the on-board attitude knowledge
<l1.7arcsec (1 o radia rms.) with a stability of 0.2-arcsec 1 o radia rms. In the incremental pointing
mode the PCS performs controll ed repasitioning of the boresight with an off set accuracy of 0.4 arcsec
(1 o radia rms.) acrossangular distances of up to 30arcminutes. This accuracy is sufficient to move
asourcefrom the IRS pe&-up array to ore of the spedrometer dlits.

29



MIPSobservers shoud ndethat theinitial blind panting acaracy for the 160um array is expeded to
be significantly less than for the shorter wavelengths (~3.9 arcseg. See Chapter 8 for more
information.

3.4.3 Scanning Stability and Performance

SIRTF can exeaute linea scans at selected rates from 0.01 arcseds to 20 arcseds. The MIPS San
Map mode uses rates from 2 to 20 arcsec/s and the IRS Soectral Mapping Mode will use rates from
0.01to larcsec/s. The scan stability is0.7" in 15,secmnds and 1" in 150seconds for rates between 2
and 20/s.

3.4.4 Tracking Capabilities

SIRTF does nat have atrue tradking capability for Solar System Objeds (SS0s). However, SIRTF
simulates tradking by scanning in linea tradk segments at rates up to 1 arcseds. The linear track
segments are linear in equatorial coordinate space; they are commanded as a vedor rate in J2000
coordinates, passng through a speafied RA and Dec & a spedfied time.

The SSO ephemerides are maintained onthe groundrather than onboard SIRTF, but an observer may
spedfy flexible scheduling constraints and the linear pseudo-track spedfication (start point, rate and
diredion, in equatoria J2000coordinates) is calculated at the time of scheduling. The observationis
exeauted at the scheduled time (within a window of +2, -0 s) and the PCS follows the track as
spedfied, assuming the given start point corresponds to the time given in the tradk command. All
other PCS movements can be superpased ona specified track, including dithers and scans.

PCS smulations indicate that the blind tradk aaquisition acaracy is ~< 2" independent of the track
rate, which is consistent with expeded performance on fixed targets. The track stabili ty is expeded to
be better than scan mode requirements. ~0.5 arcsec in 100&. The offset accuracy during tradking is
expeded to be 0.4, aso consistent with the required performance on fixed targets.

Sedion 5.6 pesents more detail ed information on olserving Solar System Objects.

3.4.5 Pointing Reconstruction

Pointing reconstruction refers to the post-facto determination o where the telescope was pointed to
with a greder accuracy than was known by the flight system. SIRTF has a requirement to perform
pointing reconstructionto 1.4arcsec However, because the blind panting performance and onboard
knowledge is anticipated to be much better than required, there ae no dans to doany renstruction
on the ground. The nominal pointing, as indicaed by PCS telemetry, will be reported in the data
products and will typicaly be acurate to <1.4 arcsec except for observations sheduled immediately
after an instrument changeover (in which case the inaccuracy may be a much as ~2 arcsec).

The acdual pointing performance will be verified duing SIRTF's In-Orbit Chedkout.
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